ABSTRACT. I discuss a suite of 29 radiocarbon age determinations from four valleys on the islands of Mo'orea and Raiatea in the Society Archipelago. These dates provide the first sequence for the development of prehistoric agricultural production and human-induced environmental change in the Society Islands. Indirect evidence of small-scale agriculture, and by association, human occupation, dates to at least the 7th-10th centuries AD. Agricultural sites themselves date from the early 13th century AD until the late prehistoric/early historic period, with most agricultural activity clustering at the end of the temporal sequence. Valleys with the greatest arable potential were cultivated earlier than less preferred sites. Evidence for extensive landscape transformation in the Opunohu Valley, likely associated with clearing for agricultural purposes, begins soon after the earliest evidence for cultivation and continues throughout prehistory. A larger sample of 14C determinations from stratigraphic excavations in both archaeological sites and "off-site" contexts is required to address many as yet unanswered questions about the prehistoric social and economic development of the Society Islands.
INTRODUCTION
The central role of agricultural production in maintaining complex Polynesian societies is well documented in the ethnographic and archaeological literature of several island groups (Kirch 1994; Kirch and Sahlins 1992; Sahlins 1958) . Despite a long history of archaeological investigations in the Society Islands (Emory 1933; Emory and Sinoto 1964,1965; Garanger 1964 Garanger ,1980 Handy 1930), virtually no research has focused on prehistoric agricultural production. Previous studies concentrated on more spectacular sites, particularly marae (temple) sites (Eddowes 1991; Emory 1933 Emory , 1943 Emory and Sinoto 1965; Garanger 1964 Garanger ,1980 Gerard 1974; Green 1967; Green and Green 1968; Verin 1962; Wallin 1993) . Few agricultural sites have even been recorded for the Society Archipelago (Green and Descantes 1989; Edwards n.d .; Sinoto and Komori 1988) , and none have been investigated thoroughly. There are no 14C determinations for these few sites, and their age has been based on an assumed temporal association with contiguous non-agricultural sites.
Although 4514C dates have been reported for the Society Islands (see Lepofsky 1994: Fig. 6 . 1), over half of these dates were made decades ago by the Gakushuin Laboratory before the advent of modern dating methods. These samples were taken on charcoal pretreated with acid but not with base (K. Kigoshi, personal communication, 1993) , and none have stable isotope (S13C) terminations. Researchers have recommended either that these dates be used with caution as general guides or discounted entirely (Anderson et a1.1994; Kirch 1986; Lepofsky 1994; Spriggs and Anderson 1993) . Because several analyses of the Society Islands prehistory rely heavily on these earlier determinations (Descantes 1990; Eddowes 1991) , it is critical these interpretations be tested with modem-day reliable 14C measurements.
I discuss here a suite of 2914C age determinations from the Society Archipelago collected as part of a larger research project on prehistoric agriculture and human-induced environmental change in the Society Islands (Lepofsky 1994) . The two major goals of this larger study were to investigate the impact of prehistoric agricultural practices on the Society Island landscape, as well as a range of prehistoric agricultural sites in varied environmental settings. Seventeen of the 14C age determinations originate from agricultural sites on the Islands of Mo'orea and Raiatea;12 are from buried deposits in the lower and upper Opunohu Valley on Mo'orea.
These dates provide the first sequence for the development of prehistoric agricultural production and human-induced environmental change in the Society Islands. More than doubling the number of reliable dates available for all archaeological sites in the Society Islands, these dates greatly expand our knowledge of the chronology of human occupation in this island group as a whole.
METHODS

The Archaeological Context
My research focused on four valleys on the islands of Mo'orea and Raiatea chosen to represent a range of environmental variation. Work was conducted in the Opunohu and Niuroa Valleys on Mo'orea, and in the Fa'aroa and Matorea Valleys on the island of Raiatea (Fig. 1) . In general, each of the valleys are defined by steep-sided mountains from which numerous small streams originate. The streams join into one or more central streams that run down the center of the valleys before discharging onto a fertile, alluvial plain at the valley mouth.
Beyond these basic similarities, the four valleys differ dramatically in their environmental settings, and thus in their potential agricultural productivity. Opunohu and Fa'aroa, being among the largest and most fertile valleys, have the greatest potential for agricultural production. In contrast, the Niuroa and Matorea Valleys are more restricted spatially, and are less suited to agriculture (Lepofsky 1994 (Emory 1933) . Agricultural sites, consisting of terraced complexes adjacent to large streams, and barrage complexes situated in low-energy streams, were a common component of the archaeological landscape in all valleys (Lepofsky 1994) .
Several small test units were excavated in selected sites to expose the profiles needed to investigate the site's temporal development. Units were removed in arbitrary 10-to 15-cm levels because of the difficulty of visually distinguishing subtle differences between deposits under the poor lighting conditions of the forest. Further, rodent disturbance, although localized, was frequently encountered and sometimes blurred depositional boundaries. Few artifacts were recovered. Charcoal specimens were collected both during excavation and from stratigraphic profiles after the excavation was completed. All charcoal specimens were placed in heavy polyethylene bags after collection.
The stratigraphy of the agricultural sites proved to be relatively straightforward (Lepofsky 1994) . A charcoal-rich layer was found at the base of several units, and probably represents the remnants of initial burning of slope vegetation prior to construction of the terrace complex. Above this layer are usually 1, and rarely, 2 or more layers of agricultural soils. These are generally characterized by an abundance of relatively fine sediments and charcoal flecking. I assume that the charcoal in the agricultural soils derives from the original vegetation clearing event and was incorporated into the deposits during terrace construction and/or use (c. f. Allen 1992) . Thus, the charcoal in the agricultural deposits and in the charcoal layers below the agricultural soils date to a time immediately preceding terraced agriculture in that location. In the few sites with multiple agricultural layers, the charcoal found in the upper layers likely originated from the burning of successional vegetation growing between planting events. 
The Opunohu Valley Buried Deposits
To study human-induced change to the environment, I also examined "off-site" stratigraphic profiles in the Opunohu valley in areas with no visible archaeological remains. I examined 21 backhoe trenches (ranging in depth from 1-4 m) in the lower Opunohu valley, and 7 stream profiles in both the lower and upper valley. Charcoal particles, and anaerobically preserved plant remains in the water-logged sediments, were collected from discrete depositional layers for dating and taxonomic identification. As above, all samples were placed in heavy polyethylene bags.
The stratigraphy in the lower and upper valley has been described in detail elsewhere (Lepofsky 1994; Lepofsky, Kirch and Lertzman 1996) . I summarize the stratigraphy here to place the 14C deter-minations in context. In general, the stratigraphy of the lower Opunohu Valley consists of four main facies groups: 1) basal deposits; 2) reduced anaerobic deposits which are within and below the water Alluvial and/or colluvial deposits overlie the reduced, anaerobic layers. The colluvial deposits derived from mass wasting events on the surrounding slopes, and were spread onto the valley floor in major flood events. A hearth feature, containing charcoal and fire-altered rocks overlays the colluvial layer of one unit.
The alluvial layers represent more localized fluvial events than the colluvial deposits. Charcoal fragments were found within some of alluvial layers, especially in the profiles along the northwest valley floor. I assume that these charcoal fragments originate from vegetation burning for agricultural purposes. The species identification of the charcoal, and the fact that the charcoal is in a low-energy depositional environment, suggests that the charcoal was deposited close to the original location of vegetal burning.
The deposition of these colluvial and alluvial sediments onto the swampy terrain eventually transformed the valley floor into a drier alluvial flat. The increased sediment load in the valley floor originates from some kind of environmental disturbance upslope. The removal of ground-holding tree roots and other vegetation would account for the exposure and subsequent erosion of the sediments in the upper valley. As I propose elsewhere (Lepofsky 1994; Lepofsky, Kirch and Lertzman 1996) , agriculture was likely the reason for clearing the upper valley vegetation. On the valley floor, the first evidence of human use of the newly created drier alluvial flat is the hearth feature and the charcoal fragments within the alluvial deposits.
The upper 0.5-1.5 m of each valley floor profile consists of organically rich loam deposits, some of which contain charcoal flecking. The upper deposits suggest a recent continuation of the colluvialalluvial depositional sequence described above. The relative abundance of charcoal in some of these deposits suggests the lower valley was cultivated. The stratigraphy of the upper valley stream profiles is similar to that described for the lower valley but with a greater influence of low-energy fluvial depositional processes. Charcoal-bearing clay layers occur throughout these stream profiles.
The charcoal is assumed to originate from vegetation clearing, likely for agricultural purposes. As in the lower valley trenches, the species of charcoal, and its location in a low-energy depositional environment, suggest that it was deposited close to the original burning site.
THE SOCIETY ISLANDS RADIOCARBON SEQUENCE
I chose 2914C samples from the numerous charcoal specimens and anaerobically preserved plant remains collected during the excavation of the agricultural sites in the four valleys and the Opunohu "off-site" trenches. All samples were selected to represent the greatest temporal variation and diversity of site types. Priority was given to samples collected from the walls of excavation units after profiles were drawn and strata had been designated. (Lepofsky 1994) , and the location of previous archaeological investigations Green and Descantes 1989 Most of the charcoal and anaerobically preserved plant remains from both the agricultural sites and the Opunohu stratigraphic profiles were measured using accelerator mass spectrometry at the Center for Accelerator Mass Spectrometry (CAMS) at the Lawrence Livermore National Laboratory, University of California. 1\vo samples of anaerobically preserved coconuts from the valley floor trenches were dated using the conventional 14C method by Beta Analytic, Inc. (Beta). All samples were pretreated for carbonates and humic acids using standard procedures, and the S13C112C ratios were measured for all samples to establish 13C adjusted, "conventional 14C ages" following Stuiver and Polach (1977) . Calibration of all 14C ages and probability estimates were made using OXCAL v2.15 (Stuiver and Kra 1986) . Forty years were subtracted for the Southern Hemisphere.
The Agricultural Sites Figure 2 shows the 14C determinations from the agricultural sites in the four valleys. Agricultural sites in this study date throughout prehistory, beginning in the early 13th century AD and continuing until the late prehistoric/early historic period. (Multiple intercepts in this portion of the radiocarbon curve do not allow us to distinguish between pre-and post-European contact ages.) Most of the agricultural sites date to the end of the sequence. Based on the sample of ages here, the valleys with the greatest arable potential-Opunohu and Fa'aroa-were used earliest for agricultural production, while the less preferred sites were used later. The distribution of ages suggests an increasing number of agricultural sites were used through prehistory. Based on 14C ages of non-agricultural sites from the Archipelago as a whole (Lepofsky 1994 : Fig. 6.1 archaeologically as multiple stratigraphic layers, each containing charcoal (e.g., OPU-267). However, gardens can also be continuously cultivated with the addition of organic fertilizers to prevent soil depletion (Lepofsky 1994: Chapter 2) . Thus, we have no way of distinguishing a garden plot which was cultivated for a short period of time and then abandoned, from those used for a considerably longer period. Distinguishing between these two scenarios has important implications for our understanding of the development of agricultural production in the Society Islands (Lepofsky 1994 Lepofsky 1994 : Fig. 6 .1), one can assume that agricultural production on the rich alluvial flat only became more important with time.
DISCUSSION
The suite of 14C ages presented here has larger implications for human settlement of the Society Islands. The age of the coconuts from the Opunohu Valley floor are among the earliest dates associated with human occupation in the Archipelago (Spriggs and Anderson 1993; Lepofsky et a1.1992) .
Significantly, these samples were found at the top of the marshy layer. The bottom of these layers was not reached in any excavation unit due to the high water (Garanger 1964 (Garanger ,1980 Malarde 1936; Verin 1962) and Mo'orea Green and Descantes 1989) The chronometric evidence presented here documents a 1000-yr sequence of human occupation of the Society Islands, beginning with small-scale agriculture in the valleys, followed by widespread clearing for agriculture and significant human-induced changes to the landscape, and finally extensive human settlement extending to the inland valleys. Although the results presented here o a long way towards increasing our knowledge of the settlement hi g g g story of the Society Islands, they also demonstrate how little we know about the prehistory of that island group. To understand more fully history of human occupation in the Society Islands Archipelago, w Y we require a larger sample of 14C determinations from stratigraphic excavations in both archaeological sites and "off-site" contexts.
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